
ABSTRACT

Background: According to soft tissue paradigm soft tissue plays very important role in orthodontic diagnosis 

and treatment planning. Purpose of this study was to get guidelines for soft tissue changes between growing 

and adult class III individuals. 

Material and methods: 69 lateral cephalograms of the patients with class III malocclusions were obtained 

from the Department of Orthodontics and Dentofacial Orthopedics , Manubhai Patel Dental College and 

Hospital . Cephalometric tracing was done by a single operator using hard and soft tissue cephalometric 
11landmarks for Steiner's analysis , Cephalometric analysis for orthognathisc surgery, profiles lines analysis 

12and Holdaway cephalometric analysis

Result: Statistical analysis showed there were significant changes between the adults and the growing groups 

in SND angle, soft tissue facial angle, inferior sulcus to H line and Merrifield's Z angle. In growing patients, 

changes were seen in  B line Ls, Upper lip thickness and H angle and Z angle .When the growing sample was 

compared for sexual dimorphism , a difference was noted  in the skeletal convexity and B line Ls in the male 

group while variations were seen in the upper lip thickness for females groups. There was no statistical 

difference found between two groups.

Conclusion: There was some soft tissue compensation noted in all subjects to improve the looks of the facial 

profile. Concave facial profile was noted in all elected cases. Finally, it is seen that the Indian Gujarati patients 

with Class III malocclusion had norms that were close to the Holdaway norms in some of the parameters.

INTRODUCTION 

Facial aesthetic has always been of forefront interest 

through the ages. Humans have been constantly 

trying various procedures in the name of beauty and 

esthetics. Several methods have been devised to 

study facial features and changes that take place 

d u r i n g  c o u r s e  o f  t i m e .  T h e s e  i n c l u d e  

a n t h r o p o m e t r y,  p h o t o g r a m m e t r i c  a n d  
[1]cephalometry.  Lateral Cephalogram shows the 

correlation between the underlying hard and soft 

tissues. Usually linear and angular measurements 

are taken from cephalogram and compared with 

established norms.Cephalometry allows the study 

of soft tissue correlation to hard tissue in order to 
[2]

plan better esthetic results .  Orthodontists have 

noticed that changes made in the underlying tissue 

will influence the soft tissue profile although 
[2]

sometimes it may not present pleasing results . 
[3]Bergman  also stated that good occlusion does not 

necessarily mean good facial balance. Hard tissue is 

said to determine the soft tissue drape especially 

lips, nasolabial angle and mentolabial angle, which 

suggests the importance of studying the soft tissue 

profile and how it affects post treatment appearance 
[4].

Since the mouth has been said to greatly influence 

the esthetics of a face, there has been more focus on 

the mouth and the horizontal lip position to 
[5]

determine the esthetics of patients  .Researchers 
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[6] [7] 
such as Bardach , Kapucu and Frankel have 

suggested that soft tissue often influences how the 
[6]hard tissue will develop . Usually Class III 

malocclusion patients approach the orthodontist 
[8]with esthetic concerns . Corrections done in adult 

patients are either surgical interventions or 
[9]

camouflage by orthodontists . In growing patients 

it is possible to try to alter the development using 

appliances to aid in improving the growth direction. 

On a whole, it is seen that soft tissue greatly 
[10]

influences the development of the face . So a study 

of Class III malocclusion was done on the Indian 

Gujarati population .An attempt was done to get 

guidelines for soft tissue changes and management 

in treating them orthodontically as well as 

surgically.  

MATERIAL AND METHOD

69 lateral cephalograms of the patients with class III 

malocclusions were obtained from the Department 

of Orthodontics and Dentofacial Orthopedics , 

Manubhai Patel Dental College and Hospital 

.Selection of the cases was done based on the molar 

relationship and angle ANB (0 or  less than 2 

degree).

Cephalometric tracing was done by a single 

operator using hard and soft tissue cephalometric 
11

landmarks for Steiner's analysis , Cephalometric 

analysis for orthognathis surgery, profiles lines 
12 

analysis and Holdaway cephalometric analysis

(Figure 1).

 Hard tissue cephalometric landmarks  used in the 

study were  Nasion ,Orbitale, Porion, Point A, Point 

B, Pogonion ,Menton ,Gnathion ,Gonion and soft 

tissue cephalometric landmarks  used were  Soft 

tissue nasion, Soft tissue rhinion, Labrale superius 

,Labrale inferius,,  Soft tissue point A, Soft tissue 
[13]

point B, Soft tissue pogonion . Profile Analysis was 

done using the following readings ;Steiner's S line 
[11] [14] [12]

, Burstone's  B line ,Holdaway's H line , 
[15]Rickett's E line , Sushner's S2 line,Merrifield Z 

[16]
angle .

RESULTS 

The sample was divided into an adult group and a 

growing group. The growing group was further 

divided on the basis of sex to test for correlations. A 

correlation was also done between the adults and 

children.

In adult patients, some of the expected  readings 

were predictable with a significance of   <_ 0.05, as 

seen in Table 1, the SNA value was reduced 

significantly (mean = 76.32), while the SNB was 

79.15 (Norm is 76 degree).This leads to the 

conclusion of prognathic mandible and a 

retrognathic maxilla. Changes in variable means 

were also noted in the following series; Soft tissue 

facial angle, Skeletal convexity, facial convexity 

,maxillary prognathic ,lower lip thickness, upper lip 

sulcus depth,  inferior sulcus to H line and  lower lip 

in relation to  B line. 

Table 1 Comparison of Statistical values for 

different measurements in Adult group
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Variable Standard 
value

 
Mean SD T –

Value
DF P -Value

SNA
 
82

 
76.325

 
4.429 5.731 19 0.006

SNB
 
80

 
80.60

 
4.529 0.592 19 0.561

SND  76  79.15  4.738 2.973 19 0.008

Y-  axis  66  64.05  5.168 1.687 19 0.108

Straight  facial 
angle

 

90
 

93.90
 

6.067 2.875 19 0.010

Skeletal 
convexity

 

2

 

6.450

 

5.489 3.626 19 0.002

Upper lip 
sulcus depth

 

2.5

 

3.900

 

2.659 2.355 19 0.029

Inferior sulcus 
of H line

 

5

 

4.000

 

1.522 2.939 19 0.008

Upper lip 
thickness

15 14.650 3.602 0.435 19 0.669

Lower lip 
thickness

14 15.000 2.134 2.096 19 0.050

Facial 
convexity

12 0.475 9.837 5.239 19 0.000

Maxillary 
prognathism

6 0.850 7.336 3.139 19 0.005

Ls 3.5 4.025 1.943 1.208 19 0.242

Li 2.2 5.00 2.724 4.597 19 0.000

H angle 8 7.925 5.538 0.061 19 0.950

Z angle 80 78.075 13.049 0.677 19 0.507

B U J O DB U J O D Desai et al



38MAHARAJA KRISHNAKUMARSINHJI BHAVNAGAR UNIVERSITY
        

In growing patients, changes were seen in  B line Ls, 

Upper lip thickness and H angle and Z angle 

(Table2). 

Table 2 Comparison of Statistical values for 

different measurements in growing group 

When the growing sample was compared for sexual 

dimorphism (Table 3 and 4), a difference was 

noted in the skeletal convexity and B line Ls in the 

male group while variations were seen in the upper 

lip thickness for females groups. There was no 

statistical difference found between two 

groups.Statistical analysis showed there were 

significant changes between the adults and the 

growing groups in SND angle, soft tissue facial 

angle, inferior sulcus to H line and Merrifield's Z 

angle. When a regressive analysis was done to 

compare  SNA to lower lip thickness, there was no 

relevant correlation between any of the groups 

(Table 5 and 6). 

Table 3 Comparison of Statistical values for 

different measurements in growing male group 
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Variable  Standard 
value  

Mean  SD T - Value DF P -Value

SNA  82  75.603  4.429 3.773 33 0.000

SNB  80       78.721        4.769 1.564 33 0.127

SND  76  76.118  4.965 0.138 33 0.891

Y-
 

axis
 

66
 

66.191
 

4.378 0.255 33 0.801

Straight  facial 
angle

 
90

 
90.721

 
4.829 0.870 33 0.801

Skeletal 
convexity

 2
 

3.912
 

4.288 2.600 33 0.014

Upper lip sulcus 
depth

 2.5
 

4.397
 

2.587 4.276 33 0.0000

Inferior sulcus 
of H line

 5
 

3.044
 

1.798 6.343 33 0.000

Upper lip 
thickness  

15  14.221  2.189 2.076 33 0.046

Lower lip 
thickness  

14  14.672  2.547 1.422 28 0.166

Facial convexity

 

12

 

2.455

 

7.167 7.651 32 0.000

Maxillary 
prognathism

6 0.397 5.531 6.744 33 0.0000

Ls 3.5 4.779 2.233 3.340 33  0.000

Li 2.2 6.353 2.704 8.956 33 0.000

H angle 8 10.471 3.975 3.624 33 0.001

Z angle 80 70.309 8.079 6.994 33 0.000

Variable

 

Standard 
value

 

Mean

 

SD T -Value DF P -Value

SNA

 

82

 

75.938

 

3.83 6.319 15 0.000

SNB

 

80

 

79.375

 

4.95 0.501 15 0.624

SND  76  77.000  5.447 2.973
0.734

15 0.474

Y-
 

axis
 

66
 

65.781
 

4.669 0.187 15 0.854

Straight  
facial angle

 

90
 

90.188
 

3.894 0.193 15 0.850

Skeletal 
convexity  

2
 

4.750
 

4.483 2.454 15 0.027

Upper lip 
sulcus depth  

2.5  5.094  3.184 3.296 15 0.005

Inferior
sulcus of H 

line

5 3.625 1.963 2.840 15 0.012

Upper lip 
thickness

15 14.656 2.286 0.602 15 0.556

Lower lip 
thickness

14 15.393 2.690 1.937 13 0.075

Facial 
convexity

12 1.594 7.851 5.302 15 0.000

Maxillary 
prognathism

6 0.313 50522 4.572 15 0.011

Ls 3.5 5.531 2784 2.919 15 0.011

Li 2.2 7.125 3.243 6.075 15 0.000
H angle 8 10.875 3.514 3.272 15 0.005

Z angle 80 69.344 8.014 5.319 15 0.000
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Table 4 Comparison of Statistical values for 

different measurements in growing female group 

DISCUSSION:

[17]
Junji Sugawara  found that the skeletal class III 

pattern is established before the prepubertal 

growth spurt and then growth is similar to that seen 

in the other cases. Results of this study tended to 

agree with his findings.

Skeletal analysis done showed that in most patients 

the maxilla was retrognathic more than the 

mandible being prognathic. There were a few cases 

where the mandible was prognathic but mostly they 

were reciprocal. Since the mandible was prognathic 

by default, SND was increased ( x = 79.15 , p <_ 0.05 

because of the relative position of the mandible. The 

y-axis slightly decreased in the adult patients but 

was still normal in the growing sample( X = 66.15 ). 

It was seen that the upper incisor position was 

compensatory dependent on the skeletal position 

and so it would influence the drape somewhat. 

NBPo was generally seen as less than the expected 

values mainly because it was dependent on the final 

position of the mandible. 

In class III malocclusion there is more growth seen 

in the mandible but generally less growth in the 

malar area. This point can be seen in the results 

where the growing sample had acceptable soft 

tissue facial angle ( x = 90.7 , p <_ 0.05 ) compared to 

the adult facial soft tissue angle( x = 93.9 , p , <_0.05). 

The soft tissue structures were analyzed by the 
[12]Holdaway   analysis for our sample. It was noticed 

that our sample of class III patients showed 

significant deviation from the norms set by 

Holdaway. The soft tissue facial angle, which 

Holdaway said should be 90 degree, came up to a 

mean of 93.9 degree in our patient sample thus an 

increase in  angle  could be attributed to the 

prognathic mandible. 

The upper lip thickness had a mean less than 

expected but there was not much significant 

difference from the norms. Change that is more 

significant was seen in the lower lip thickness( x = 

15 , p <_ 0.05). The inferor sulcus was forward than 

the expected value of 5 mm with a significance of 

less than 0.005.This value would change with 

changes in the axial inclination of the lower incisors 

so care need to be taken when correcting a class III 

case that the deepening in not over –exaggerated 

Since that would result in the making the chin even 

more prominent. 

[3] Bergman also states that the tissue thickness and 

lip length as being important for esthetics. When 
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Variable  Standard 
value  

Mean  SD  T -
Value

DF P -Value

SNA
 

82
     
75.306

 
3.801

 
7.473 17 0.000

SNB
 

80
 
78.139

 
4.623

 
1.708 17 0.106

SND
 

76
 
75.333

 
4.505

 
0.628 17 0.538

y-Axis

 
66

 
66.556

 
4.204

 
0.561 17 0.582

Straight  
facial angle

 

90

 

91.194

 

5.602

 

0.905 17 0.378

Skeletal 
convexity

 

2

 

3.167

 

40087

 

1.211 17 0.242

Upper lip 
sulcus depth

 

2.5

 

3.778

 

1.841

 

2.954 17 0.009

Inferior 
sulcus of H 

line

 

5

 

2.528

 

1.538

 

6.818 17 0.000

Upper lip 
thickness

 

15

 

13.833

 

2.086

 

2.372 17 0.030

Lower lip 

 

thickness

 

14

 
 
 

15.39314.000

 

2.291

 

0.000 14 1.000

Facial 
convexity

 

12

 

3.265

 

6.596

 

5.461 16 0.000

Maxillary 
prognathism

 

6

 

0.472

 

5.697

 

4.820 17 0.000

Ls

 

3.5

 

4.111

 

1.356

 

1.91 17 0.0000

Li 2.2 5.667 1.963 7.493 17 0.000

H angle 8 10.111 4.414 2.029 17 0.058

Z angle 80 71.167 8.269 4.532 17 0.000
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studying the lip thickness, it was seen that the basic 

lip thickness did not change much but upper lip 

thickness was increased in about 50 % of the cases. 

This can be associated with the compensatory 

action of nature. The lower lip tended to drift closer 

to the normal value. The nasolabial angle tended to 

increase in most of the cases probably because of 

flattening of the upper lip is caused by the 

retrognathic maxilla. 

In our sample it was seen that the profile line for 

Burstone showed the most significance of all the 

lines. The lower lip in the adults tested was always 

ahead of the expected norm caused by the 

prognathic mandible but the upper lip was more 

stable in its position. The modified H line of 

Merrifield and the Z angle formed also showed 

considerable difference in the growing populace 

suggesting that as growth took place changes was 

towards a decreased Z angle. This angle could be 

considered more reliable for consideration of the 

esthetic plane. This would make the line a better 

guide in orthognathic correction guidelines. The lips 

position based on the Steiner's S line was more 

dependable since it showed that the lip was 

adaptive.Rickett's E line was a better gauge since it 

tended to show that the upper lip was usually 

retrognathic and the lower lip prognathic.Elif Erbay 

and Cem Caniklioglu found that in cases where the 

mandible rotated downwards and backwards, the 

lower lip was usually seen as being more protrusive. 

In our sample, it was seen that the facial convexity 

for the adults as measured per the soft tissue 

analysis for COGS was always reduced. Similarly, 

there was also decreased maxillary prognathism 

.This would be directly linked so the fact that the 

maxilla was retrognthic in this sample size in 

oppose to the mandible being prognthic .Moreover, 

the forwardly placed mandible resulted in an 

increased lip distance for the lower lip. In several 

cases, patient's with class III will not opt for 
[18]

treatment as documented by Gabriele Schuster  

et al .Usually the treatment will be more 

orthognathic than the orthodontics. 

Table 5 - Regression table of Upper lip 

thickness with SNA 

 
For all Data                Values  
Coefficient of SNA                -  0.104  
t-Value                                     1.096  

p-value                                     0.278  

R2 value                  0.023  

F –value                                   1.202  

p-value            0.278  

constant                                   22.273  

t-value                                     3.089 
 

p-value                                    0.003 
 

 
 

For Adult 
 

Coefficient of SNA               -0.076
 

t-value                                     0.397
 

p-value 
                                   

0.697
 

R2 value                                  0.009

 

F-value                                    0.157

 

p-value                                    0.696

 

constant                                  20.431 

 

t-value            

                         

1.400

 

p-value                                    0.178

 
                                                                                                              
 

For children

 

Coefficient of SNA                -0.136

 

t-value   

                                  

1.367

 

p-value                                    0.181

 

R2 value                                  0.055

 

F-value                                    1.869

 

p-value                                    0.181

 

constant             

                     

24.521 

 

t-value                                     3.250

 

p-value                                    0.003
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FIGURE 1
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For all Data                             Values  

Coefficient of SNB                  0.018  

t-Value                                     0.249  

p-value                                     0.804  

R2 value 
                 

0.001
 

F –value                                   0.062
 

p-value 
           

0.804
 

constant                                   16.216
 

t-value                                     2.865
 

p-value                                    0.006 
 

 
 

For Adult 

 

Coefficient of SNB                 0.035

 

t-value                                     0.319

 

p-value 

                                   

0.754

 

R2 value                                  0.006

 

F-value                                    0.101

 

p-value                                    0.754

 

constant                                  12.157

 

t-value             

                        

1.360

 

p-value                                    0.191

 
                                                                                                              
 

For children

 

Coefficient of SNA                -0.060

 

t-value    

                                 

0.610

 

p-value                                    0.547

 

R2 value                                  0.014

 

F-value                                    0.372

 

p-value                                    0.547

 

constant              

                    

19.351 

 

t-value                                     2.516

 

p-value                                    0.018
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